The functioning of the brain is determined to a large its origins in studies of the peripheral projections of motor axons. At the forelimb level motoneurons are extent by the intricate interconnections of neurons and their targets. More than one hundred years ago, it was born in the ventral spinal cord and extend axons laterally to innervate the limb (see Figure 1 ). Previous proposed that the targets of innervation may attract developing nerves by releasing soluble attractive subgrafting and ablation experiments in fish, amphibians and birds have suggested that these axons are guided stances.
1 The first chemoattractants for developing axons have, however, only recently been identified.
to their peripheral targets by a succession of chemoattractants made by intervening tissues, the somite and Netrin-1 is the prototype of a family of laminin-related chemoattractants and was purified and cloned based limb. To characterize these putative guidance cues, embryonic rat tissues were dissected and cultured on its ability to promote and direct axon outgrowth from a specific set of developing neurons in the spinal together in a collagen gel matrix. Spinal cord explants containing motor neurons developed normally in these cord.
2,3 While only a limited subset of neurons have been found to be netrin-responsive, there is experigels, but motor axons failed to exit from the explant. However, when such explants were cultured in colmental evidence to suggest that chemoattraction contributes to the guidance of many different classes of lagen gels near other tissues, a striking result was obtained. Tissues found along the path of motor axons axons. 4 Subsequent studies have therefore sought to identify additional chemoattractants to address how in vivo, such as the limb, caused axons to invade the collagen gel; in contrast, non-pathway tissues were widespread the phenomenon of chemoattraction is, what classes of molecules function as chemoattracinactive. A molecular characterization of the limbderived activity revealed that it was HGF/SF, and neutants, and whether these molecules all act via similar types of receptors and signaling effectors or whether tralizing antibodies as well as explants from HGF/SF mutant mice were used to provide further proof that there are different signaling pathways specific for different types of chemoattraction.
the attractant activity of the limb in culture is due to HGF/SF. Recent work identifies a new factor, Hepatocyte Growth Factor, also known as Scatter Factor (HGF/SF), Further studies of HGF/SF and c-Met expression indicate the ligand is expressed in the limb and the as a chemoattractant for a different class of neurons, spinal motor neurons. 5 HGF/SF is a multifunctional receptor in motor neurons during the period of motor axon growth toward the limb. These proteins therefore growth factor which was previously identified on the basis of its ability to stimulate the proliferation and mediate a chemoattractant effect in vitro and are expressed at the right time and in the right place to motility of diverse cell types outside of the nervous system. 6 Interestingly, this molecule is completely possibly mediate these effects in vivo. But is HGF/SF really required by motor axons in vivo for proper naviunrelated to the netrins and signals through the c-Met receptor tyrosine kinase, which itself appears unregation? A careful characterization of motor axon trajectories in the limbs of HGF/SF mutant mice revealed lated to the emerging families of netrin receptors. 7 The identification of HGF/SF as a chemoattractant not only subtle but consistent defects in motor axon patterning. There is, however, an important caveat to this finding. broadens our knowledge of nervous system development but provides an opportunity to develop a molecu-HGF/SF and c-Met were previously shown to be required for the migration of muscle precursor cells lar understanding of how chemoattractants and their receptors control axon growth and guidance.
into the limb. 7 Since these cells ultimately become the target of the affected neurons, axon branching defects The recent focus on HGF/SF in axon guidance has observed in the mutant limbs might be an indirect consequence of the lack of muscle targets, rather than a direct result of loss of chemoattractant activity.
appear affected in the HGF/SF mutant. In future studies it will be important to establish that the affected population is, in fact, the population expressing the cMet receptor. These concerns also illustrate a broader consideration: a subset of motor axons and nearby sensory axons enter the limb and share segments of their trajectories. Yet these other classes of neurons appear to be HGF/SF-unresponsive, suggesting that multiple independent guidance cues may act in concert to define the trajectories of axons with similar final projections. HGF/SF and c-Met are both prototypes for larger families of ligands and receptors. Although none of these molecules appear to interact with the HGF/SFMet receptor-ligand system, it will be of interest to see if they too play roles in cell and axon migration. The guidance of migrating cells and axons share many common features. Most recently, the reelin protein, well known for its role in cerebellar neuron migration, has been implicated in hippocampal axon guidance. 8, 9 In addition, the mouse netrin-1 mutant displays defects potentially consistent with a failure of pontine cell migration. 10 It is therefore an interesting possibility that axon guidance molecules might act to direct cell migration as well, a possibility supported by analysis of the C. elegans Unc-6 signaling system which is implicated in both axon guidance and cell migration.
11 Although two recent papers clearly indicate that the 'scattering' activity of HGF/SF is important for the precursors to delaminate from their epithelia of origin, it remains unclear if HGF/SF also plays a chemoattractive role to guide the cells in their migration. 7, 12 While it remains an untested hypothesis, it is intriguing to think that the HGF/SF ligand-receptor system may provide a simple and unified means of guiding both motor axons and muscle precursors, their ultimate targets, to the same location in the developing limb. HGF/SF also plays a role in promoting the proliferation of myogenic precursors and is a survival factor produced by muscle for motor axons at later times in development. 5, 13, 14 Thus, not only does this ligandreceptor system draw quite a crowd into the developing limb, it may even help coordinate the 
